Several new herbicides and herbicide combinations were evaluated in the greenhouse for control of honey mesquite, huisache, whitebrush, live oak and Texas persimmon. Sprays of picloram, triclopyr ester and 3,6-dichloropicolinic acid at 0.56 kg/ha were the most effective herbicides in reducing the canopy of honey mesquite. Picloram at 0.14 to 0.56 kg/ha effectively defoliated huisache. At 1.12 kg/ha tebuthiuron, buthidazole, hexazinone and 3,6_dichloropicolinic acid also defoliated huisache. Whitebrush was effectively controlled with picloram, triclopyr ester, tebuthiuron, buthidazole, hexazinone, dicamba and ethidimuron at 0.56 kg/ha. None of the treatments was effective against live oak or Texas persimmon. Certain combinations of picloram plus triclopyr effectively defoliated whitebrush and honey mesquite. Picloram plus 3,6-dichloropicolinic acid was also effective for honey mesquite control.
Development
of herbicides for woody plant control is expensive, requires relatively large land areas and several years of investigation. Use of a woody plant nursery (Bovey et al. 1979) can hasten the evaluation of herbicides, but also requires large material and labor inputs. The greenhouse offers a more rapid method to evaluate potential herbicides for woody plant control (Bovey and Meyer 1974; Bovey et al. 1967; Bovey et al. 1968) . The greenhouse also allows a large number of herbicide treatments to be evaluated in a relatively limited space. Evaluations at 2 and 6 months after treatment in the greenhouse is a valid indication of herbicide effectiveness, whereas field evaluations may take 2 to 3 years or longer (Bovey and Meyer 1978; Meyer et al. 1969; Meyer and Bovey 1979a , 1979b Scifres 1975) .
Several herbicides that have become available since 1972 were evaluated alone and in mixtures in the greenhouse for their potential to control undesirable woody plants. The objective of this paper is to present the relative efficacy of those compounds to expedite selection of potential treatments for brush control which warrant continued evaluation under field conditions.
Materials and Methods
Honey mesquite [Prosopis juliflora (Swartz) (Bovey et al. 1979) .
All herbicides were applied as foliar-soil sprays at rates ranging from 0.14 to 4.48 kg/ha in water at the equivalent of 93.5 l/ha with a laboratory spray chamber described by Bouse and Bovey ( 1967) . After treatment, plants were returned to the greenhouse and topwatered after 24 hours and watered daily thereafter.
Herbicide formulations consisted of the propylene glycol butyl ether ester of (2,4,5-trichlorophenoxy)acetic acid (2,4,5-T), the ethylene glycol butyl ethel ester and the triethylamine salt of [(3,5,6-trichloro-2-pyridinyl)oxy] acetic acid (triclopyr), the potassium salt of 4-amine-3,5,6-trichloropicolinic acid (picloram), the dimethylamine salt of 3,6dichloro-+anisic acid (dicamba), the ammonium salt of ethyl hydrogen (aminocarbonyl)phosphonate (fosamine), the isopropylamine salt of N-(phosphonomethyl)glycine (glyphosate) the alkanolamine salt of (2,4_dichlorophenoxy)-acetic acid (2,4-D),
, and N3,N3-Di-n-propyl-2-4-dinitro-6-trifluoromethyl 3-m-phenylenediame (prodiamine) and 3,6-dichloropicolinic acid. --'Numbers in horizontal rows followed by the same letter are not significantly different at the 5% level of significance.
tions conducted 3 to 6 months after treatment. Plants with 100% canopy reduction were considered dead. Experiments were repeated at least twice from 1972 to 1978, and data were pooled for presentation in this paper. A completely randomized design was employed with live replications (pots) for each treatment.
One-way analysis of variance was used to allow calculation of a LSD value for paired means with unequal replication.
Means were ranked by making paired comparisons (Steel and Torrie 1960) .
Results and Disccusion
0.28, 0.56 and 1.12 kg/ ha was about the same as from equivalent rates of 2,4,5-T (Table 1 ). In the field equivalent control of honey mesquite from aerial applications of 2,4,5-T or dicamba has been reported (Scifres and Hoffman 1972) . Picloram (potassium salt), triclopyr (triethylamine salt and ethylene glycol butyl ether esters), and 3,6_dichloropicolinic acid were equally effective at 0.56 kg/ ha or half the effective rate of 2,4,5-T. At 0.14 and 0.28 kg/ ha the ester of triclopyr was more effective than the amine formulation. In addition, 3,6dichloropicolinic acid was extremely effectiveat only 0.28 kg/ha, reducing the honey mesquite canopy by 94%. Preliminary field data indicated that triclopyr and 3,6-Honey Mesquite dichloropicolinic acid showed promise for control of honey Canopy reduction of honey mesquite from dicamba at rates of mesquite in Texas (Jacoby et al. 1979) . Based on our experiments, Soil-applied herbicides, such as buthidazole, hexazinone, DS 18507, and tebuthiuron were very active at 1.12, 1.12,2.24 and 2.24 kg/ ha, respectively, in reducing the canopy of honey mesquite. All other herbicides were less effective on honey mesquite:Tebuthiuron and karbutilate are only moderately effective under field conditions (Meyer and Bovey 1979b; Scifres et al. 1978; Scifres et al. 1979) .
Huisache
Picloram was the most effective herbicide for controlling huisache. Excellent control (<90%) resulted from application rates of 0.14 kg/ ha or more (Table 2 ). Tebuthiuron at 0.28,1.12 and 4.48 kg/ ha also effectively defoliated huisache, but control was erratic at 0.56 and 2.24 kg/ ha of tebuthiuron.
Buthidazole and hexazinone at 1.12 kg/ ha effectively defoliated huisache whereas DS 18507 and 3,6-dichloropicolinic acid were effective at 0.56 kg/ha. NIA 19873 was effective at 2.24 kg/ ha but not at 1.12 kg/ha. Ethidimuron and EL-l 12 (chemically similar to tebuthiuron) were effective at 4.48 kg/ ha. In the field DS-18507 killed 55,20, and 75% of huisache at 2.24, 4.48 and 8.96 kg/ ha, respectively, 2 years after spray application (Bovey and Meyer, Unpublished data). Tebuthiuron has been investigated and found to be moderately effective for huisache control under field conditions as a soilapplied treatment (Bovey and Meyer 1978; Scifres et al. 1979 ). Tebuthiuron and bromacil were about equally effective in the field and were more effective than picloram, prometon [2,4-bis(isopropylamino-6-methoxy-s-triazine], 2,3,6-TBA (2,3,6-trichlorobenzoic acid), karbutilate
at equal rates (Bovey and Meyer 1978) . Based on these evaluations and our greenhouse experiments, buthidazole, hexazinone, 3,6dichloropicolinic acid and DS 18507 should be investigated further in the field for huisache control.
Whitebrush
Tebuthiuron at 0.14 kg/ ha was more effective on whitebrush than the same rates of picloram, triclopyr or 2,4-D (Table 3 ).
Herbicides at 0.28 kg/ha that killed all plants included 2,4,5-T, tebuthiuron, hexazinone, and dicamba. At 0.56 kg/ha, picloram, triclopyr, tebuthiuron, buthidazole, hexazinone, and ethidimuron were exceptionally effective. Applications of 2.24 kg/ ha of karbutilate, DS 18507 or NIA 19873 were required to kill all whitebrush. Glyphosate was effective at 1.12 kg/ ha. The alkanolamine salt formulation of 2,4-D at 0.56 kg/ha was relatively effective in defoliating whitebrush (80%). Consequently, several new herbicides appear promising for improving whitebrush control compared to the effectiveness of 2,4-D. In the field, picloram (K salt) has been more effective than any of the phenoxy herbicides for whitebrush control (Meyer et al. 1969) . Tebuthiuron also effectively control whitebrush in the field (Meyer and Bovey 1979a, Scifres et al. 1979 ). Herbicides such as triclopyr warrant study under field conditions.
Live Oak and Texas Persimmon
None of the herbicides sprayed on live oak or Texas persimmon was very effective, possibly because the plants were not in an active stage of growth (Table 4) . Under field conditions, control of live oak with tebuthiuron at 2.24 kg/ ha was excellent (Meyer and Bovey 1979~) . Hexazinone also appears extremely promising for live oak control. Picloram is also effective on live oak, but less so than tebuthiuron.
Under field conditions, picloram is one of the most effective soil-applied treatments for control of Texas persimmon (Meyer and Bovey 1979a; Scifres 1975 ). In the greenhouse, tebuthiuron, hexazinone and bromacil at 2.24 kg/ ha were not effective and tebuthiuron has not effectively controlled Texas persimmon in the field (Scifres et al. 1979 ).
Herbicide Mixtures
A 1: 1 mixture of picloram (K salt) plus triclopyr (ester) at 0.07 i-0.07 and 0.14 -I-0.14 kg/ ha was more effective (synergistic) on whitebrush than comparable rates (0.14 and 0.28 kg/ ha) of either herbicide alone (Table 5) . At a total of 0.56 kg/ ha of herbicide, the mixture and single herbicides were about equally effective. On honey mesquite, the picloram:triclopyr mixture was more effective at a total of 0.28 kg/ ha of herbicide than comparable rates of triclopyr alone and picloram alone at 0.28 kg/ha (Table 5) . On huisache, all rates of picloram plus triclopyr were more effective than triclopyr alone, but were no more effective than picloram alone at 0.14 kg/ha (Table 5) .
Picloram plus 3,6dichloropicolinic acid at 0.14 kg/ ha of each herbicide was more effective on honey mesquite than picloram alone at 0.28 kg/ ha but not 3,6dichloropicolinic acid at 0.28 kg/ ha (Table 5) . At a total of 0.56 kg/ha of herbicide, picloram, 3,6-dichloropicolinic acid, or picloram plus 3,6-dichloropicolinic acid were all extremely effective on honey mesquite. On huisache, picloram was more effective than either 3,6-dichloropicolinic acid alone or picloram plus 3,6-dichloropicolinic acid at 0.14 kg/ ha of total herbicide. 'Numbers in horizontal rows followed by the same letter are not significantly different at the 5% level of significance. 'Numbers in horizontal rows followed by the same letter are not significantly different at the 5% level of significance.
The addition of glyphosate appeared to enhance the activity of picloram on whitebrush at a total herbicide rate of 0.14 and 0.28
The addition of TD 692 to picloram did not significantly kg/ ha, but not at 0.56 kg/ ha (Table 5 ). However, the picloram:glyenhance the activity of the herbicide compared to piclomm alone on whitebrush (Table 5) . TD 692, an experimental growth regulaphosate combination did not improve canopy reduction of honey mesquite, huisache or live oak, compared to picloram applied tor, showed considerable herbicidal activity when applied alone, and reduced the whitebrush canopy by 56 and 65% at rates of 0.14 alone at comparable rates. and 0.56 kg/ ha respectively. The picloram plus tebuthiuron mixtures were applied at rates too high on whitebrush and huisache to determine herbicide interactions (Table 5) . However, the mixture wasantagonistic on honey mesquite and live oak. For example, picloram alone on honey mesquite at 0.28 and 0.56 kg/ha reduced the honey mesquite canopy by 79 and 99%, respectively, whereas comparable rates of picloram plus tebuthiuron reduced the canopy by 42 and 56%, respectively. The response of live oak to the picloram:tebuthiuron combinations was similar to that of honey mesquite.
Dicamba had little effect on the activity of 3,6-dichloropicolinic acid when applied in a mixture to honey mesquite and huisache compared to 3,6-dichloropicolinic acid alone (Table 6 ). On whitebrush, honey mesquite and huisache, dicamba plus triclopyr (ester) were about equally effective to triclopyr alone at comparable rates in the mixture (Table 6 ). The response of dicamba alone at 0.28 kg/ ha was variable being more effective on whitebrush, less effective on honey mesquite and about equal on huisache compared to the dicamba:triclopyr mixture or triclopyr alone at comparable rates. No consistent trends were noted for the glyphosate:tebuthiuron mixture compared to each herbicide alone, indicating that there were no interactions on control of wood plants evaluated (Table 6) . However, 2,4,5-T combined with glyphosate was less effective (antagonistic) than either herbicide applied alone on whitebrush. On honey mesquite, glyphosate was ineffective and the addition of glyphosate to 2,4,5-T did not enhance its activity. Glyphosate plus 2,4,5-T combined at equal rates of 0.28 kg/ha was significantly more effective than either herbicide alone at 0.56 kg/ha when applied to huisache. Live oak control was poor with 2,4,5-T, glyphosate or the mixture of 2,4,5-T plus glyphosate. The addition of TD 692 to 2,4-D amine did not appear to improve the effectiveness of 2,4-D for whitebrush control.
